Introduction
Salinity is a major environmental constraint to crop productivity throughout the arid and semi-arid regions of the world (Foolad and Lin, 1997) . In Bangladesh, there are approximately 2.85 million ha of coastal land of which about one million ha are seriously affected by varying degrees of salinity (SRDI, 2010) . About 30-50% of net cropped areas remains fallow in rabi and Kharif-1 seasons, mainly due to soil and water (irrigation) salinity. The salinity increases in dry months showing a peak in March-April and decreases in wet months with the minimum in July-August.
Annual precipitation does not exceed evapotranspiration, soluble salts tend to accumulate and build-up in the soil of coastal regions, instead of being leached, and can reach the levels inhibitory to plant growth and development (Roychoudhury and Chakraborty, 2013) . The prevailing salinity intrusion due to climate change is severely affecting the crop productivity in the saline regions of Bangladesh (Haque et al., 2014) . The situation calls an urgent need to improve crop productivity. Introduction of new crops and/or crop varieties in the fallow lands of the coastal regions might be the scholastic technique for improvement of system productivity. Maize is one of the most important food grains in the world as well as in developing countries like Bangladesh.
The food produced in Bangladesh is not adequate to meet domestic requirements. Seed germination is a major factor limiting the establishment of plants under saline conditions (Carpıcı et al., 2009) . Salinity may cause significant reductions in the rate and percentage of germination, which in turn may lead to uneven stand establishment and reduced crop yields (Foolad et al., 1999) .
Salt tolerance at germination stage is important factor, where soil salinity is mostly dominated at surface layer. High concentration of salt has detrimental effects on germination of seeds (Rahman et al., 2000; Sharma et al., 2004; Saboora and Kiarostami, 2006; Shila et al., 2016) . Plant growth is ultimately reduced by salinity stress (Haque et al., 2008 (Haque et al., , 2014 Sikder et al., 2016) . It is very important to know what extent of salinity a maize variety can tolerate at germination and early seedling growth stage. This information will help to identify salt tolerant varieties and/or genotypes and to develop saline soil management strategies. An experiment is therefore needed to investigate the effects of different levels of salinity on germination and early seedling growth of maize.
Materials and methods
The experiment was conducted at the laboratory of the Department of Soil Science, Patuakhali Science and Technology University, Dumki, Patuakhali during the period from January to February 2015.The experiment was designed at completely randomized design (CRD) with three replications. There were ten treatments consisting different levels of salinity. The treatments were 0, 20, 40, 80, 120, 160, 200, 240, 280 and 320 mM NaCl concentration. The germination experiment was conducted in petri dishes of 12 cm diameter lined with a thin layer of cotton. Bangladesh Agricultural Research Institute (BARI) developed "BARI Hybrid Maize 7" was used in the experiment. Twenty five seeds were placed on cotton bed in a circle pattern. Ten milli litre of treatment solutions of different salinity concentrations were poured in each Petri dish to immerse the seeds partially for ensuring proper aeration. Three replications were maintained for each salinity concentration. The petri dishes were placed on a table in the laboratory. The seeds were allowed to germinate at room temperature (25±2°C). A 100 w power bulb was fixed using a stand on the petri dishes. Required amount of distilled water was added to each petri dish every day to maintain same level of water as in initial date. Seeds were considered germinated when radicles measured 2 mm size.
The number of seeds germinated was recorded starting from 2 days after sowing (DAS) to 12 DAS. The results obtained in each day were converted into percentage. Shoot length was recorded at 7, 9, 11 and 13 DAS. Observation was made on germination percentage, fresh and dry weight of shoot and root, moisture content of root and shoot, seedling height, speed of germination and vigor index .Vigor index (VI) was worked out according to the formula. VI= Germination% × (Root length in cm + Shoot length in cm) and speed of germination was calculated as follows:
Data were statistically analyzed following F-test and the mean comparisons were made at 0.05 probability level by DMRT as outlined by Gomez and Gomez (1984) .
Results and Discussion
Germination percentage: Germination percentage data was recorded starting from 3 DAS to 12 DAS. In 3 and 4 DAS some treatments had zero percent germination, thus statistical analysis was not performed in that days. In other days germination percentage was significantly influenced by different levels of salinity. Table 1 show that at 3 DAS 0 and 40 mM NaCl concentration had only 4 and 1.3 % germination, respectively. After 1 day (at 4 DAS) more than 20% germination was found at 0, 20, 40 and 80 mM NaCl concentration. At 5 DAS control treatment had 37.3% germination. The 20, 40, 80 and 120 mM concentration had identical germination percentage both at 5 (33.3 %) and 6 DAS (41.3 %). With the passes of days the trend of germination was changed. All the days control treatment had highest germination and most of the days it was statistically similar with germination percentage obtained at 20 mM NaCl concentration. At all the sampling dates 20 and 40 mM concentration had statistically similar germination percentage. More than 80% germination percentage was found only at 0, 20 and 40 mM concentration, which attained at 10, 11, and 12 DAS, respectively. Other concentrations had lower than 80% germination and were gradually decreased with the increase of concentration of salt in growth medium. The 80 mM NaCl concentration had 73.3% germination. Beyond this concentration the germination percentage was very poor. At 12 DAS 7.4 and 8.9 % reduction in germination percentage was recorded at 20 and 40 mM NaCl concentration, respectively. The 80 mM NaCl concentration reduced germination percentage by 17.9 %. Thus upto 80 mM NaCl concentration could be identified as acceptable for maize seed germination. Similar result was also found in rapeseed (Andalibi et al., 2005) and in sunflower (Shila et al., 2016) . Ratnakara and Raib (2013) reported that though the lower concentrations of NaCl (upto 40 mM) did not affect percentage germination, the germination was found to be delayed in Triginella foenum-graecum. At higher salinity levels, inhibitory effect on germination was recorded to an extent that seeds did not germinate at 80 mM and above concentrations of NaCl in Triginella foenumgraecum. Common letters in a column are not significantly different at 5% level by DMRT Speed of germination: Speed of germination was significantly influenced by different levels of salinity. Speed of germination ranged from 5.8 to 20.9, highest being in control and lowest in 320 mM NaCl concentration (Table1). The second highest position was ranked by the 20 mM NaCl concentration which was statistically similar with 40, 80 and 120 mM NaCl concentration. Due to use of increasing rate of salt concentration, speed of germination reduced by 14.15 to 72.16 %.
Seedling height: Seedling height data was recorded at 7, 9, 11, 13 and 15 days after sowing (DAS). In all the data recording day seedling height was significantly influenced by different levels of salinity. At 7 DAS highest seedling height was found in control treatment (2.17 cm) and it was statistically similar with that obtained at 20 mM NaCl (2.04 cm). With the increase of the concentration of solution seedling height was gradually decreased ( Shoot elongation rate: Shoot elongation rate was calculated at 7, 9, 11, 13 and 15 DAS, and was significantly influenced by salinity. At 7, 9, 11, 13 and 15 DAS shoot elongation rate ranged from 0.13 to 3.10, 0.96 to 7.78, 1.10 to 9.83, 1.26 to 11.10 and 1.89 to 13.58 mm/day, respectively (Table 3) . Common letters in a column are not significantly different at 5% level by DMRT At 7 DAS highest elongation rate was found at control treatment. In this date second (2.91 mm/day) and third position (2.77 mm/day) was ranked by 20 and 40 mM NaCl concentration. At 9 DAS highest position was further ranked at control treatment, second (7.63 mm/day) and third position was recorded by 20 and 40 mM NaCl concentration, respectively. At 11 DAS highest position was ranked at control treatment, second (9.52 mm/day) and third position was recorded by 20 and 40 mM NaCl concentration, respectively. At 13 DAS highest position was ranked at control treatment, second (10.91 mm/day) and third position was recorded by 40 and 20 mM NaCl concentration, respectively. At 15 DAS the highest position was ranked by 40 mM NaCl concentration, the 20 mM NaCl concentration and control had the second and third position, respectively. Common letters in a column are not significantly different at 5% level by DMRT Root length: Ten different levels of salinity had significant effect on root length of maize. The root length ranged from 2.85 cm to 23.61 cm (Table 4 ). The highest root length (23.61 cm) was found in 20 mM NaCl concentration which was 5.6 % higher than the control treatment; although it was statistically similar with control treatment (22.36 cm). Beyond 20 mM NaCl concentration the root length was found reduced gradually and ultimately in the highest concentration root length was the lowest. In the experiment 12.3% root length reduction was found in 80 mM NaCl concentration, beyond this level root length was reduced drastically and in 320 mM NaCl concentration root length reduced by about 87%. In fact in this concentration roots were lean and thin.
Root fresh weight:
There was a significant effect of salinity on root fresh weight of maize. Root fresh weight was ranged from 0.415 to 4.168 g over different levels of salinity (Table 4) . Highest of 4.168 g fresh root was found at 0 mM NaCl concentration. Second highest root weight was found in 20 mM NaCl concentration. There was found a decreasing trend of root fresh weight, with the increasing of the concentration of the solution. In the experiment 20 mM NaCl concentration had 7.88% decrease over control, beyond this concentration a drastic reduction was observed. At 240 mM NCl concentration more than 80% reduction in root fresh weight was observed. At 320 mM NaCl concentration root fresh weight reduced by 90.1%.
Root dry weight:
Root dry weight was significantly influenced by different levels of salinity. Root dry weight ranged from 0.038 g in 320 mM NaCl concentration to 0.403 g in 0 mM NaCl concentration (control) ( Table 4) . Second highest (0.360 g) result was obtained in 20 mM NaCl concentration which had 10.6 % reduction over control. In the experiment 40 mM NaCl concentration had less than 20 % reduction in root dry weight. However, with the increase of salt concentration root dry weight was drastically reduced. About 90.6% reduction in root dry weight was observed due to use of 320 mM NaCl concentration.
Shoot fresh weight: Different levels of salinity had significant effect on shoot fresh weight of maize. Shoot fresh weight ranged from 0.661 g in 320 mM NaCl concentration to 5.478 g in 20 mM NaCl concentration (Table 4) . Highest of 5.478 g shoot fresh weight in 20 mM NaCl concentration was statistically similar with 0, 40 and 80 mM NaCl concentration. Beyond 20 mM NaCl concentration, with the increase of the concentration of the solution shoot fresh weight was reduced gradually. Compared to control treatment 20 mM NaCl concentration gave 0.55 % higher fresh weight and upto 80 mM NaCl concentration shoot fresh weight reduced by only 6.9 %. After this concentration the reduction rate increased very fast. In the experiment 320 mM NaCl concentration had 87.9 % reduction in shoot fresh weight. Thus upto 80 mM NaCl concentration was found acceptable for production of shoot fresh weight.
Shoot dry weight: Shoot dry weight was significantly influenced by different levels of salinity. The lowest dry weight of 0.092 g was found in 320 mM NaCl concentration and was highest of 0.515 g in 0 mM NaCl concentration ( Table 4 ) .In the experiment 0, 20, 40, 80 and 120 mM NaCl concentration gave statistically similar shoot dry weight. Although not significant but 20, 40, 80, and 120 mM NaCl concentration gave 1.42, 0.84, 5.95 and 9.58 %, respectively lower shoot dry weight than control treatment. The result announces that upto 120 mM NaCl concentration maize can tolerate salinity. In the experiment 320 mM NaCl concentration had highest of 82% reduction.
Shoot and root moisture content: Shoot moisture content was significantly influenced by different levels of salinity. Table 4 shows that highest of 90.7% moisture content was recorded by the treatment 20 mM NaCl, however, it was statistically similar to the treatment 0, 40 and 80 mM NaCl concentration. Beyond 80 mM NaCl concentration increasing salt concentration reduced shoot moisture content. In other word, increasing salt concentration increase dry matter accumulation by reducing water uptake by the plant. Root moisture content was less affected by salinity compared to shoot moisture content. It was also significantly influenced by different levels of salinity. Root moisture content varied between 90.7 to 85.7 % at salt concentration of 0 -320 mM NaCl concentration. It indicates that under this range salinity has no effect on root moisture content.
Vigor index: Salinity effect on vigor index was significant. Vigor index value ranged from 2.2 to 38.1 over the different concentration of solution ( Common letters in a column are not significantly different at 5% level by DMR
Conclusion
Salinity reduced germination percentage of maize and the extent of reduction increased with the increase in the concentration of salinity in the growth medium. NaCl concentration up to 80 mM was found as safe for maize seed germination. NaCl upto 40 mM favors plant growth which otherwise indicates the necessity of NaCl in lower concentration for plant growth and development. At higher concentration like 320 mM NaCl, root was more affected than shoot. Further study is needed to test the performance of different maize genotypes at varying degree of salt stress.
